The activities of the crude acetonic extract of red bean and its two fractions were determined using a β-carotene-linoleate model system as well as the total antioxidant activity (TAA), the total phenolics content (TPC), the DPPH radical-scavenging activity, and the reducing power assays. Results from the in vitro assays showed the highest values when tannins (fraction II) were tested. Specifically, the TAA of the tannins fraction was 4.37 mmol Trolox eq./g fraction; whereas, the crude extract and fraction I were 0.481 and 0.093 μmol Trolox eq./mg extract or fraction, respectively. The content of total phenolics in fraction II was the utmost (612 mg/g); the tannins content, assayed by the vanillin method and expressed as absorbance units at 500 nm per 1 g, was 938. RP-HPLC-PAD-MS profiling revealed the presence of 33 compounds: quercetin arabinoglucoside, quercetin rutinoside, quercetin, p-hydroxybenzoic acid, and kaempferol rutinoside were the most abundant phenolics in the extract.
Phenolic compounds, originating from edible and non-edible plant parts, possess antioxidant activity. They display the capability to inhibit or delay the oxidation of lipids, proteins, and DNA by affecting the initiation or propagation of oxidizing chain reactions. Natural phenolic antioxidants can scavenge reactive oxygen and nitrogen species (RONS), thereby preventing the onset of oxidative diseases in the body. A positive correlation between the consumption of phenolic-rich foods and a decrease of several chronic diseases has been shown to exist from epidemiological studies [1] .
Leguminous seeds belong to plant foods, which are generally abundant in phenolic compounds, including condensed tannins. The antioxidant activity of phenolic compounds extracted from leguminous seeds has been investigated using several in vitro chemical assays [1] . Beans are a leguminous seed that have high levels of natural antioxidants [1] [2] [3] [4] [5] [6] . A number of researchers have confirmed the high antioxidant potential arising from tannin constituents present in plant extracts [7] .
The objectives of this research were to investigate the antioxidant and antiradical activities of a crude acetone red bean seed extract and its isolated low-molecular-weight phenolics (i.e., fraction I) and tannin fractions (i.e., fraction II, the high-molecular-weight phenolics).
The content of total phenolics in fraction I was three times lower than that determined in the crude extract. The utmost amount at 612 mg (+)-catechin eq./g was observed in fraction II (Table 1) . In fraction I, the dominant compounds were sugars eluted from the column by ethanol together with low-molecular-weight phenolics. The content of total phenolics in the crude extract of red bean is greater than that previously reported for an extract of pea (23 mg/g) [8] . A similar content of phenolics was determined in red lentil (58 mg/g) [9] . A higher quantity was noted in the crude extract adzuki bean (90 mg/g) [10] . In a previous study, the extracts of two Turkish red bean cultivars were characterized by total phenolics contents of 46 and 62 mg/g [3] .
The high content of total phenolics in the tannin fraction, separated from the crude extract via Sephadex LH-20 column chromatography, has been reported for other leguminous seeds (e.g. beach pea, pea, faba bean, broad bean, adzuki bean, green and red lentil) [11] [12] [13] . The content of tannins, expressed as the absorbance value at 500 nm per g in fraction II (938), was roughly ten-fold greater that found in the crude extract (90). For the low-molecularweight phenolic fraction, a vanillin-positive reaction was given by (+)-catechin and other flavan-3-ols that eluted from the Sephadex LH-20 column. The greatest value from the total antioxidant activity (TAA) assay was noted for the tannin fraction at 4.37 mmol Trolox eq./g ( Table 1 ). Much less active was the crude extract (0.481 mmol Trolox/g) and fraction I (0.093 mmol Trolox/g).
An acetone extract of pea seed coats was characterized with a TAA value of 3.6 mmol Trolox eq./g [14] . In the study of Amarowicz et al. [5] , the extracts of leguminous seeds have been characterized with TAAs ranging from 0.30 (pea) to 1.76 mmol Trolox/g (adzuki bean). In this study, the acetonic extract of phenolic compounds from the red bean crude extract as well as fractions I and II demonstrated varying degrees of antioxidant activity in a β-carotene-linoleate system ( Figure 1 ). The antioxidative effect of the samples on the coupled oxidation of linoleic acid and β-carotene was greatest for the crude extract, but it is important to remember that addition of the tannin fraction to the emulsion was only 1 mg. On the other hand, the tannin fraction might be quickly oxidized under the assay conditions employed and therefore not be as effective an antioxidant in the emulsion model. Using the same technique, similar or lower antioxidant activities were noted for extracts of leguminous seeds from faba bean, broad bean, green lentil, red lentil and everlasting bean [9, 12, 13] . The strong antiradical-scavenging effect of tannins separated from the red bean acetonic extract was confirmed by the DPPH radicalscavenging assay ( Figure 2 ). The tannin fraction revealed an antiradical activity several times greater than that of the crude extract. Fraction I, on the other hand, was found to be a poor scavenger of the DPPH radical. The antiradical activity of the tannin fraction observed in this study is in accordance with literature data [1, 7] . The FRAP values of the red bean acetone extract and its two fractions are reported in Table 1 . Data indicates that fraction II exhibited a greater reducing power than either the crude extract or fraction I. Orak et al. [3] reported FRAP values of 0.452 and 0.586 mmol Fe 2+ /g for the extracts of two Turkish red bean samples. The antioxidant potential of the phenolic compounds endogenous in legume seeds has been determined by other authors using the FRAP [15] and reducing power methods [10] [11] [12] [13] .
NPC Natural Product Communications
Protocatechuic acid (compound 1), protocatechuic aldehyde (compound 3), p-hydroxybenzoic acid (compound 4), tryptophan (compound 7), (+)-catechin (compound 8), vanillic acid (compound 10), (-)-epicatechin (compound 19), trans-p-coumaric acid (compound 20), vanillin (compound 21), trans-ferulic acid (compound 22), sinapic acid (compound 24), and quercetin (compound 33) were all identified by comparing their respective retention times (t R ) and UV spectra with those of corresponding commercial standards, and then later confirmed by HPLC-ESI-MS (Table 2, Figure 3 ). Compound 5 from the HPLC-ESI-MS analysis exhibited a negative molecular ion M-Hˉ at m/z 451 corresponding to a flavan-3-ol monomer -either catechin or epicatechin -linked to glucose, and a fragment ion F-Hˉ at m/z 289 corresponding to either catechin or epicatechin. By HPLC-ESI-MS, compounds 14, 15, 29, and 31 revealed a negative molecular ion M-Hˉ at m/z 577 corresponding to a procyanidin dimer. Compound 16 was also a procyanidin dimer, but with gallate moieties attached. It yielded a negative molecular ion M-Hˉ at m/z 881 and a negative fragment ion F-Hˉ. Compound 5 from the HPLC-ESI-MS analysis exhibited a negative molecular ion M-Hˉ at m/z 451 corresponding to a flavan-3-ol at m/z 577, which is characteristic for a procyanidins dimer. Compounds 13 and 18 from HPLC-ESI-MS showed negative molecular ions M-Hˉ at m/z 865.2 and 1153 corresponding to a procyanidin trimer and tetramer, respectively. Compounds 2, 11, and 23 exhibited a  max of 276.4 nm, which corresponds to prodelphinidin. From the HPLC-ESI-MS analysis, the M-Hˉ at m/z 593 for each of these compounds is diagnostic of a dimer and in one case, the fragment ion F-Hˉ at m/z 289, characteristic of (epi)catechin, was observed. All three of these compounds were classified as prodelphinidin dimers. Three quercetin glycosides (compounds 25, 26, and 28) were tentatively identified by their UV spectra with a  max of 256 nm and a second band at ~353±5nm. Because different sugars were attached to the quercetin, negative molecular ions M-Hˉ at m/z 563, 609, and 447 were observed for compounds 25, 26, and 27, respectively. Yet, all three yielded a characteristic quercetin fragment ion F-Hˉ at m/z 301. The HPLC-ESI-MS revealed the quercetin glycosides to be quercetin arabinoglucoside (compound 25), quercetin rutinoside (compound 26), and quercetin rhamnoside (compound 28). Of the phenolics identified in the red bean acetonic extract, quercetin and its derivatives were most abundant. Figure 3 : HPLC chromatographic profile of the phenolic compounds determined in the red bean crude extract. For peak identification, see Table 2 .
Compounds 9 and 17 were dihydroquercetin derivatives, as evidenced by fragment ion F-Hˉ at m/z 303. Although kaempferol itself was not present, compounds 27, 30, and 32 were identified as kaempferol glycosides. These compounds exhibited characteristic UV spectra for flavonols with a  max of 264 nm and a second band at 346 nm. Compounds 30 and 32 were kaempferol hexoses with an M-Hˉ at m/z 447, whereas compound 27 revealed a negative molecular ion at m/z 593, which corresponded kaempferol rutinoside. All three compounds, nonetheless, exhibited a fragment ion F-Hˉ at m/z 285 indicative of kaempferol. Compounds 6 and 12 exhibited a UV spectrum with a  max of 308/309 nm, negative molecular ions M-Hˉ at m/z 425 and 278, respectively, and most importantly the fragment ion F-Hˉ at m/z 163, characteristic of p-coumaric acid. These compounds were determined to be trans-pcoumaric derivatives, with compound 12 specifically being identified by HPLC-ESI-MS as trans-p-coumaric malic acid.
Flavonols, including quercetin, kaempferol and their derivatives, were the most abundant class of phenolics (~59.4%) detected in the acetonic extract of red bean. Of these, quercetin arabinoglucoside was greatest at 510 μg/g extract. In terms of the PACs and their monomers (i.e., catechin and epicatechin), they comprised ~21.7% of the phenolics quantified. The free phenolic acids of protocatechuic, p-hydroxybenzoic, vanillic, trans-p-coumaric, trans-ferulic, and sinapic acids accounted for 17.3% of the total phenolics identified. The only non-flavonoid detected and identified in the acetonic extract of red bean, using the HPLC conditions described, was the amino acid L-tryptophan at a level of 238 μg/g extract.
Experimental
Plant material: Authenticated red bean seeds were obtained from the Plant Breeding Station in Olsztyn (Poland). The red bean seeds are of the Wawelska cultivar and were harvested in 2015. Extraction: Phenolic compounds were extracted from the defatted ground samples with hexanes using 80% (v/v) acetone at a solidsto-solvent ratio of 1:10 (w/v) at 50 °C for 30 min [16] . The extraction was repeated twice, supernatants combined, and acetone evaporated under vacuum at 40 °C using a Büchi rotary evaporator. Residual water in the extract was removed by lyophilization.
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Sephadex LH-20 column chromatography:
A low-molecularweight phenolics (fraction I) and tannin fraction were separated by Sephadex LH-20 column chromatography with 95% (v/v) ethanol and 50% (v/v) acetone as mobile phases, respectively [10] .
Content of total phenolics:
The contents of total phenolics in the crude extract and its two fractions were determined using Folin & Ciocalteu's phenol reagent [10] . For this study, (+)-catechin was used as the standard.
Condensed tannins:
The contents of condensed tannins in the crude extract and its two fractions were determined according to the modified vanillin assay [17] . Results were expressed as absorbance units at 500 nm per 1 g extract (A 500 /g).
Total antioxidant activity (TAA) assay:
The determination of the TAA was carried out using a Randox kit (Randox Laboratories Ltd., Crumlin, UK) according to the procedure outlined by the supplier. The findings were expressed as mmol Trolox eq./g extract or fraction.
Antioxidant activity in a β-carotene-linoleate model system:
The antioxidant activity of the acetonic extract of red bean and its fractions was determined using an emulsion system according to Miller [18] , the FRAP assay [19] , and scavenging of the DPPH radical [10] .
RP-HPLC-DAD analysis:
The Waters chromatographic system consisted of an autoinjector, a quaternary pump, a photodiode-array detector 2001, a Nova-Pak C 18 column (300  3.9 mm; 4-μm particle size), and Millennium software. The analytical conditions for separation are reported by Amarowicz et al. [9] .
HPLC-ESI-MS analysis:
After HPLC separation, mass spectra were obtained using a Hewlett Packard 1100 MSD (Palo Alto, CA, USA) equipped with an API source utilizing an electrospray ionization (ESI) interface. The conditions of analysis have been outlined by Amarowicz et al. [9] .
Identification and quantification of phenolic compounds:
Chromatographic peaks were identified by comparing retention times (t R ), UV spectra, and HPLC-ESI-MS spectra with those of commercial standards. Other compounds with UV spectra similar to those of hydroxycinnamates, flavan-3-ols (monomers and oligomers), gallates, flavonols, and dihydrochalcone were identified as derivatives of these compounds. Their chemical structures were confirmed by HPLC-ESI-MS.
Statistical analysis:
All statistical analyses were performed with Statistica version 10.0 (StatSoft, Poland). Results were given as mean ± standard deviation of three independent determinations.
